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57 ABSTRACT

When the driving printed wires from the drive IC are passed
between the terminal lands and connected to respective ter-
minal lands, and the printed wires of a number greater than the
number of printed wires that can be passed between the ter-
minal lands are required, the driving printed wires from the
drive IC are led on the outer side of the columns of the
plurality of terminal lands and connected to respective termi-
nal lands.

8 Claims, 7 Drawing Sheets
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PRINTED BOARD FOR INK JET HEAD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This non-provisional application claims priority under 35
U.S.C. §119(a) on Patent Application No. 2005-192367 filed
in Japan on Jun. 30, 2005, the entire contents of which are
hereby incorporated by reference.

BACKGROUND

The present invention relates to a printed board arranged
with a plurality of printed wires which transmit a driving
voltage from a drive IC to a plurality of individual terminals
which are provided on a piezoelectric element of an ink jet
printer in correspondence to ink discharge ports, and are
applied with the driving voltage when generating pressure to
discharge the ink, and also relates to an ink jet head equipped
with the printed board.

In the ink jet printer, color printing is performed using a
plurality of ink cartridges such as cyan, magenta, yellow,
black and the like. The ink supplied from a plurality of ink
cartridges is discharged from a plurality of discharge ports
formed in the ink jet head by the pressure generated by the
piezoelectric element.

The piezoelectric element includes a plurality of individual
terminals, in correspondence to the plurality of ink discharge
ports, to be applied with the driving voltage, and driving
voltage is supplied from the drive IC to each individual ter-
minal via the flexible printed board connected to the piezo-
electric element. There are advantages that the degree of
freedom of mounting when mounting the ink jet head to the
ink jet printer can be increased and that the ink jet printer can
be miniaturized by using the flexible printed board for the
transmission of the driving voltage, control signal and the
like. In recent years, COF (Chip On Film) in which the drive
1C is directly mounted on the flexible printed board is put to
practical use, COF thus allows the distance from the drive IC
to the piezoelectric element to be shorter, thereby reducing
attenuation, delay and the like of the driving voltage and
efficiently driving the piezoelectric element.

In the connecting configuration of the flexible printed
board disclosed in Japanese Patent Application Laid-Open
No.2004-114609, columns of a plurality of terminal lands are
arranged adjacent to each other in a zigzag manner on a band
shaped insulating body, and through holes are formed in the
insulating body in correspondence to the arrangement posi-
tion of the terminal lands. Each terminal land is thus exposed
from the opposite surface of the insulating body, and con-
nected to the terminal of the piezoelectric element by arrang-
ing a solder on the exposed terminal land. The plurality of
terminal lands are arranged at high density by arranging the
columns of the terminal lands adjacent to each other in a
zigzag manner. Further, the printed wire from the drive IC to
the terminal land is passed between the terminal lands, led to
the corresponding terminal land, and connected to each ter-
minal land so as to avoid the other terminal lands.

SUMMARY

Inrecent years, the number of discharge ports for discharg-
ing the ink is increasing and the density in the arrangement of
the plurality of discharge ports is becoming higher for the ink
jet printer as one method of enhancing the quality of printing.
When the discharge ports are at high density, the arrangement
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of the terminal lands of the flexible printed board must cor-
respondingly be at high density.

In the connecting configuration of the flexible printed
board disclosed in Japanese Patent Application Laid-Open
No. 2004-114609, the printed wires from the drive IC are
passed between the terminal lands and connected to the cor-
responding terminal lands. However, the distance between
the columns of the terminal lands, and, the distance between
the terminal lands adjacent to each other in the column of the
terminal lands become shorter due to higher density of
arrangement of the terminal lands. Thus, the limit in the
number of printed wires that can be passed between the ter-
minal lands lowers, which limit is becoming smaller than the
number of printed wires that must be passed between the
terminal lands. Therefore, there is no space to lead the printed
wires from the driving IC to the corresponding terminal lands
even when attempting to further increase the number of dis-
charge ports of the ink to enhance the quality of printing.
There is a problem that the printed wires may be arranged on
both surfaces of the flexible printed board to counter such a
problem, but in such case, the manufacturing step becomes
complicating, and the cost of the flexible printed board
increases.

In view of the above, it is therefore an object to provide a
printed board capable of increasing the number of terminal
lands to greater than or equal to a limit, even if the number of
printed wires that can be passed between the terminal lands is
limited, that is, increasing the number of discharge ports of
the ink.

It is also an object to provide an ink jet head including ink
discharge ports and terminal lands corresponding to the ink
discharge ports arranged at high density, and in which a force
acting to strip the connecting portion is less likely to be
applied with respect to the electrical connecting portion of the
terminal lands and the printed board for supplying a signal to
each terminal land.

A printed board according to a first aspect is a printed board
comprising: an insulating film; a plurality of terminal lands
forming a plurality of columns and arranged adjacent to each
other at one end portion of one surface of the insulating film;
and a plurality of printed wires arranged on one surface of the
insulating film and connected to the corresponding plurality
of terminal lands respectively; wherein the plurality of
printed wires includes: a plurality of printed wires arranged
extending to the corresponding terminal lands in a direction
intersecting an extending direction of the terminal land col-
umns formed by the plurality of terminal lands and passed
between the plurality of terminal lands; and a plurality of
printed wires arranged extending in a direction intersecting
the extending direction on an outer side of the plurality of
terminal land columns.

In the first aspect, the printed wires other than the printed
wires that can be passed between the terminal lands of the
printed wires from the drive IC are led on the outer side of the
columns of a plurality of terminal lands, and connected to the
corresponding terminal lands. Thus, the total number of
printed wires that must be passed between the terminal lands
is maintained to less than or equal to the number of printed
wires that can be passed between the terminal lands irrespec-
tive of the total number of printed wires.

An ink jet head according to a second aspect is an ink jet
head comprising: a flow channel unit including a plurality of
discharge ports for discharging ink and a plurality of pressure
chambers each communicated to the plurality of discharge
ports, the plurality of pressure chambers being arranged in a
plurality of columns on one surface; an actuator unit, that
includes a plurality of connecting terminals arranged at posi-
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tions corresponding to the pressure chambers and that is fixed
to one surface of the flow channel unit, for changing the
volume in the pressure chambers; a driving element for out-
putting a driving voltage to supply to the connecting terminals
of the actuator unit; and a printed board interposed between
the actuator unit and the driving element, and including a
plurality of printed wires for supplying the driving voltage to
the connecting terminals, wherein the printed board is a
printed board as described above, the connecting terminals
corresponding to the terminal lands are respectively con-
nected to the terminal lands; the driving element is connected
to the plurality of printed wires on the side opposite the side
on which the actuator unit is connected with respect to a
direction intersecting the extending direction of the terminal
land columns; and the dimension of the printed board in the
extending direction of the terminal land columns is smaller
than the dimension of the actuator unit connected to the
printed board.

In the second aspect, the actuator unit and the drive IC are
connected with a printed board having a dimension smaller
than the actuator unit. Thus, when the printed board arranged
with the terminal lands and the printed wires athigh density is
stacked and connected to the actuator unit, the region sur-
rounded by the end parts of three sides other than the pull-out
side of the printed board is positioned on the actuator.

According to the first aspect, the printed wires from the
drive IC are passed between the terminal lands, forming a
plurality of columns and arranged adjacent to each other, and
connected to respective terminal lands, and the printed wires
from the drive IC are circumvented on the outer side of the
columns of the plurality of terminal lands and connected to
respective terminal lands, so that the number of terminal lands
can be increased without being limited to the number of
printed wires that can be passed between the terminal lands.
Further, since the terminal lands are arranged at high density,
a great number of ink discharge ports are arranged at high
density, thereby allowing a high quality printing to be per-
formed.

According to the second aspect, by connecting the piezo-
electric element for generating the pressure to discharge the
ink and the driving element for driving the piezoelectric ele-
ment by means of a printed board arranged with the terminal
lands at high density, a greater number of ink discharge ports
of the ink jet head can be arranged, and thus high quality
printing of the ink jet printer is performed. Further, by having
the dimension of the printed board smaller than the dimension
of the actuator unit, the external force acting to strip the
connection can be less likely to be directly applied thereto if
the actuator unit and the printed board are connected by way
of solder. Thus, the rate of occurrence of the connection
failure of the actuator unit and the printed board is reduced,
and yield is enhanced. Moreover, it contributes to reduction of
the cost of the ink jet head itself.

The above and further objects and features will more fully
be apparent from the following detailed description with
accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is an exploded perspective view showing a configu-
ration of an ink jet head;

FIG. 2 is a side cross sectional view showing a configura-
tion of the ink jet head;

FIG. 3 is a plane view showing a configuration of a flexible
printed board;
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FIG. 4 is a schematic cross sectional view showing a con-
figuration of the flexible printed board;

FIG. 5 is an enlarged plan view showing a configuration of
the flexible printed board;

FIG. 6 is an enlarged plan view of FIG. 5; and

FIG. 7 is an enlarged cross sectional view showing a con-
figuration of a connecting portion of the flexible printed board
and the piezoelectric element.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

The embodiments will now be specifically described based
on the drawings. FIG. 1 is an exploded view showing a con-
figuration of an ink jet head, and FIG. 2 is a side cross
sectional view showing a configuration of the ink jet head.

As shown in FIG. 1 and FIG. 2, the ink jet head includes a
flow channel unit 3, arranged facing the recording medium,
for discharging the ink. The flow channel unit 3 has a sub-
stantially rectangular outer shape, and is configured by stack-
ing a plurality of metal plates, which are each formed with a
through hole of a different shape, on a resin nozzle plate
formed with a plurality of ink discharge ports. The through
holes of the plurality of metal plates are continued one above
the other to form a space constituting the ink flow channel and
the ink pressure chamber and the like in the flow channel unit
3. The ink flow channel is arranged for every ink of each color
of cyan, magenta, yellow, and black and the ink pressure
chamber is arranged on the upper side of the flow channel unit
3 for each discharge port. Four ink supply ports 3a, 34, . .. for
supplying the ink to each ink flow channel are arranged adja-
centto each other on the upper surface of the flow channel unit
3 along the short side of the flow channel unit 3 on one end
side in the longitudinal direction. When the ink is supplied
from the ink supply ports 3a, 3a, . . . the ink is distributed to
the ink pressure chamber through the ink flow channel, and
the ink is discharged from the ink discharge ports on the lower
surface of the flow channel unit 3.

A piezoelectric element 2 (actuator unit) for applying dis-
charge pressure to the ink in each ink pressure chamber is
adhered to the upper surface of the flow channel unit 3 with an
adhesive. The piezoelectric element 2 has a substantially rect-
angular plate shape smaller than the flow channel unit 3, and
is adhered along the longitudinal direction of the flow channel
unit 3 close to the short side not provided with the ink supply
ports 3a,3a, . ... The piezoelectric element 2 is configured by
stacking a plurality of ceramic plates of PbTiO;—PbZrO;
and the like. A plurality of individual terminals (connecting
terminal) are arranged adjacent to each other in a plurality of
columns in correspondence to each ink pressure chamber at
the upper surface of the piezoelectric element 2, and a plural-
ity of common terminals connected to ground potential are
arranged surrounding the periphery of the plurality of indi-
vidual terminals. A driving voltage for deforming the piezo-
electric element 2 and applying discharge pressure to the ink
is applied through the individual terminal.

A film shaped flexible printed board 1 including a plurality
of printed wires is connected to the upper surface of the
piezoelectric element 2 by way of the solder. The solder
connects the individual terminal and the common terminal of
the piezoelectric element 2 to the plurality of terminal lands
arranged on the flexible printed board 1. The flexible printed
board 1 has a substantially rectangular outer shape, the length
of which short side thereof is slightly shorter than the length
of the long side of the piezoelectric element 2. As shown in
FIG. 1, the piezoelectric element 2 is connected on one short
side of the flexible printed board 1. A plurality of connecting
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terminals 1a, 1a, . . . for connecting a flat cable 5 for relaying
the printed wire is arranged along the short side on the edge
portion on the other short side of the flexible printed board 1.
Further, the drive IC 4 (driving element) for generating the
driving voltage to drive the piezoelectric element 2 is soldered
at an intermediate position between the piezoelectric element
2 and the connecting terminal la, 1a, . . . on the surface
opposite the surface connected with the piezoelectric element
2, of the flexible printed board 1.

The drive IC 4 interiorly includes a plurality of drive cir-
cuits corresponding to the number of the ink discharge ports
arranged in the flow channel unit 3. Each drive circuit sup-
plies the driving voltage of about 15V to 30V to each indi-
vidual terminal of the piezoelectric element 2 through the
printed wire formed in the flexible printed board 1. The piezo-
electric element 2 supplied with the driving voltage displaces
and generates the pressure for discharging the ink in the
corresponding ink pressure chamber.

The flat cable 5 is a substantially rectangular film shape,
and has one end side connected to the connecting terminal 1a,
la, . . . of the flexible printed board 1, and the other end side
connected to a connector 10a of the circuit board 10 mounted
with a control circuit of the ink jet printer. The flat cable 5
includes a plurality of printed wires arranged inside with both
ends connected, and relays a plurality of control signals for
operating the drive IC 4, as well as the power for the logic
circuit operation and the driving voltage and the like from the
circuit board 10. That is, the signals and power are transmitted
to the drive IC 4 mounted on the flexible printed board 1
through the flat cable 5.

Further, in addition to the piezoelectric element 2, a rein-
forcing frame 6 having a substantially rectangular plate shape
greater than the flow channel unit 3 and formed with a sub-
stantially rectangular opening 6a greater than the piezoelec-
tric element 2 is adhered to the upper surface of the flow
channel unit 3 with an adhesive. The reinforcing frame 6 is a
member that surrounds the periphery of the piezoelectric
element 2 and reinforces the flow channel unit 3. The rein-
forcing frame 6 is formed with four through holes 65, 65, . . .
at positions corresponding to the ink supply ports 3q, 3a, . . .
of the flow channel unit 3. The reinforcing frame 6 further
includes a plurality of screw holes 6c, 6c¢, . . . arranged adja-
cent to each other along both long sides. The piezoelectric
element 2 and the flexible printed board 1 are exposed on the
upper side of the reinforcing frame 6 through the opening 6a
of the reinforcing frame 6.

The above explained flow channel unit 3, the piezoelectric
element 2, the flexible printed board 1, and the reinforcing
frame 6 are respectively connected by an adhesive, a solder or
the like to configure an integrated stacked body. The stacked
body is screw-fixed to the lower surface of a holder 7 made of
resin using screw holes 6c¢, 6c, . . . of the reinforcing frame 6.
Further, the holder 7 has a substantially cuboid shape with the
upper surface opened, and accommodates the ink buffer tank
9 inside. The slit 7a is formed at the lower surface of the
holder 7. As shown in FIG. 2, the flexible printed board 1 and
the flat cable 5 are pulled out from the bottom (lower surface
side) of the holder 7 through the slit 7a. That is, the flexible
printed board 1 and the flat cable 5 are pulled out from the slit
7a so as to be bent upward substantially perpendicularly
between the piezoelectric element 2 and the drive IC 4, and
then pulled out upward by again being bent perpendicularly at
the portion after the position at which the drive IC 4 is
mounted.

A heat sink 8 for releasing heat from the drive IC 4 is
arranged across one side wall of the holder 7. The heat sink 8
is a rectangular metal plate curved into a substantially
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inverted U-shape, and has one end bent substantially perpen-
dicularly towards the outside. The bent portion of the heat
sink 8 is positioned on the inner side of the holder 7, and is
contacted to the drive IC 4. The width of the heat sink 8 in the
direction along the side wall of the holder 7 is greater than the
length of the short side of the flexible printed board 1 and the
flat cable 5, and a cut-out 8a having a width of about the same
extent as the length of the short side of the flexible printed
board 1 and the flat cable 5 is formed at the upper part (curved
portion) of the heat sink 8.

A cushion member 11 made of rubber (only shown in FIG.
2) having a substantially cuboid shape in which the length is
about the same as the length of the short side of the flexible
printed board 1 is arranged facing the lower surface of the
bent portion of the heat sink 8 on the bottom surface of the
holder 7. The flexible printed board 1 and the drive IC 4 are
sandwiched by the bent portion of the heat sink 8 and the
cushion member 11. Thus, the heat generated through the
operation of the drive IC 4 is radiated to the outside of the
holder 7 through the heat sink 8.

The flexible printed board 1 is bent upward substantially
perpendicularly between the drive IC 4 and the connecting
terminals 1a, 1a, . . . . The flat cable 5 connected to the
connecting terminals 1a, 1a, . . . runs upward through the gap
formed by the side wall of the holder 7 and the heat sink 8,
reaching the upper side of the holder 7 through the cut-out 8«
of the heat sink 8.

The ink of each color is supplied through the ink supply
tube (not shown) from the four ink cartridges each accommo-
dating the ink of cyan, magenta, yellow and black to the ink
buffer tank 9 accommodated in the holder 7. The supplied ink
is temporarily stored in the ink buffer tank 9, and then sup-
plied to the flow channel unit 3. One through hole 75 of a
substantially rectangular shape having a size of surrounding
the four through holes 65, 65, . . . is formed on the bottom
surface of the holder 7 in correspondence to the positions of
the ink supply ports 3a, 3a, . . . of the flow channel unit 3 and
the through holes 65, 65, . . . of the reinforcing frame 6. The
ink buffer tank 9 at the upper side space of the bottom surface
of the holder 7 and the reinforcing frame 6 at the lower side
space of the bottom surface are joined through the through
hole 7b. Thus, the ink in the ink buffer tank 9 can be supplied
to the flow channel unit 3 through the through holes 65,
6b, . . . of the reinforcing frame 6 and the ink supply ports 3a,
3a, . .. of the flow channel unit 3.

The circuit board 10 covers the upper surface of the ink
buffer tank 9 at the upper part of the holder 7 accommodating
the ink buffer tank 9. In the present embodiment, the circuit
board 10 constitutes the lid of the holder 7. The flat cable 5
passed through the cut-out 8a of the heat sink 8 and pulled out
to the upper part of the holder 7 is connected to the connector
104 arranged at the upper surface of the circuit board 10. The
circuit board 10 and the flexible printed board 1 are thereby
electrically connected.

FIG. 3 is a plan view showing a configuration of the flexible
printed board 1, wherein the surface connected with the drive
IC 4 is shown. FIG. 4 is a schematic cross sectional view
showing a configuration of the flexible printed board 1,
wherein the cross section in the longitudinal direction of the
flexible printed board 1 is shown.

The flexible printed board 1 is a flexible printed board
made of synthetic resin such as polyimide resin or polyester
resin, and mainly includes a substantially rectangular insu-
lating film 20 and a plurality of printed wires 21 arranged on
one surface of the insulating film 20. The printed wire 21
includes driving voltage printed wires 21a, 21a, . . . (herein-
after referred to as driving printed wire) for transmitting the
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driving voltage from the drive IC 4; a ground potential printed
wire 215 (hereinafter referred to as ground printed wire) for
supplying the ground potential through one of the connecting
terminals 1a, 1a, . . . connecting to the flat cable 5; and signal
printed wires 21¢, 21c, . . . for transmitting the signal from the
connecting terminals 1la, la, . . . to the drive IC 4, and is
formed by a metal such as copper or aluminum. Further, an
insulating film 22 made of synthetic resin is formed so as to
cover the plurality of printed wires 21. The drive IC 4 is
soldered to the driving printed wires 21a, 21a, . . . and the
signal printed wires 21¢, 21c, .. . exposed at the IC connecting
part 23 which is the portion not covered by the insulating film
22, of one surface of the insulating film 20.

The ground printed wire 215 is a wide width printed wire
having a line width of about a few mm to more than ten mm,
and has a width of an extent that does not arise lack of power
supply even if the driving voltage is simultaneously applied to
a plurality of individual terminals. The ground printed wire
216 surrounds the periphery of the insulating film 20 exclud-
ing the short side portion where the connecting terminals 1a,
la, ... are arranged adjacent to each other. That is, both ends
of the ground printed wire 215 are connected to the connect-
ing terminals la, 1la, . . . positioned on both ends, of the
plurality of the connecting terminals 1a, 1a, . .. . The plurality
of'signal printed wires 21¢, 21c¢, . . . are arranged extending in
the longitudinal direction of the insulating film 20 from each
connecting terminal la, 1a, . . . to the IC connecting part 23,
and is connected to the corresponding connecting terminal
(not shown) of the drive IC 4 with the solder.

The driving printed wire 21a, 21a, . . . is a microscopic
printed wire having a line width of about 20 um, and is
arranged extending in the longitudinal direction of the insu-
lating film 20 from the IC connecting part 23 to the side
opposite the connecting terminals 1a, 1a, . . . . A few hundred
driving printed wires 21a, 21a, . . . are arranged adjacent to
each other at an interval of about 20 um at the region arranged
with the driving printed wire 214, 21a, . . ., as shown in FIG.
3. Each driving printed wire 21a, 214 has one end connected
to the corresponding connecting terminal of the drive IC 4,
and the other end connected to one of a plurality of terminal
lands 24, 24, . . . for attaching the solder.

Each terminal land 24, 24, . . . has a substantially circular
shape having a diameter of about 150 pm. As shown in FIG.
3, 28 terminal lands 24, 24, . . . are arranged in one column in
the direction of the short side of the insulating film 20. Fur-
ther, 10 columns of terminal lands 24, 24, . . . are arranged
parallel to each other so that each terminal land 24, 24, . . . is
arranged in a zigzag manner in the direction of the long side
of the insulating film 20. In the present embodiment, the
distance between the columns of the terminal lands 24,
24, ..., isadistancethat allows about 14 driving printed wires
21a, 21a, . . . to pass through and the distance between the
terminal lands 24, 24, . . . in the column is a distance that
allows about 7 driving printed wires 21a, 21a, . . . to pass
through.

The through holes 20aq, 20a, . . . (refer to FIGS. 5, 6, 7) are
coaxially perforated in the insulating film 20 in correspon-
dence to the position at which each terminal land 24, 24, . . .

is arranged. The through hole 20a, 20« . . . has a substantially
circular shape smaller than the terminal land 24,24, . .. . One
portion of the terminal lands 24, 24, . . . is exposed from the

through holes 20qa, 20aq, . . . at the opposite surface of the
insulating film 20. The solder is attached to the exposed
portion of the terminal lands 24, 24, . . . and solder bumps 25,
25, ... are formed. The throughholes 204, 204, . . . of the same
size are similarly perforated at the portion at which the ground
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printed wire 215 is arranged (refer to FIG. 5), and the solder
bumps 25, 25, . . . for ground potential are formed.

As explained above, the connecting terminals 1a, 1a, . . .
connected with the flat cable 5; the signal printed wires 21c¢,
21c, . . . extending from the connecting terminal 1a, 1a, . . .
and ending at the IC connecting part 23; the driving printed
wires 21a, 21a, . . . extending from the IC connecting part 23
and ending at the terminal land 24, 24, . . . ; the ground printed
wire 215 having both ends connected to the connecting ter-
minal 1a, 1a, . . . and surrounding each of the printed wires;
and a plurality of terminal lands 24, 24, . . . are formed on the
upper surface of the flexible printed board 1, as shown in FI1G.
3. The ground printed wire 215 is arranged along the periph-
eral edge portion of the insulating film 20. Further, the insu-
lating film 22 covers the upper surface of the flexible printed
board 1 leaving the connecting terminals 1a, 1a, . . . and the IC
connecting part 23. The drive IC 4 is mounted on the IC
connecting part 23 exposed from the insulating film 22 with
the solder so as to connect the signal printed wires 21c,
21c, . . . and the driving printed wires 21a, 21a, . . . .

Further, the solder bumps 25, 25, . . . attached to the termi-
nal lands 24, 24, . . . and the ground printed wire 215 are
formed projecting at substantially the same height to pass
through the insulating film 20, as shown in FIG. 4. Thus,
multiple solder bumps 25, 25, . . . positioned in correspon-
dence to the terminal lands 24, 24, . . . and multiple solder
bumps 25, 25, . . . attached to the ground printed wire 215 so
as to surround the above from three sides are lined on the
lower surface of the flexible printed board 1.

The arrangement region of the solder bumps 25, 25, . . . is
faced to the piezoelectric element 2 to be stacked, as shown in
FIG. 3. The end part region of the flexible printed board 1
including such arrangement region is also facing to the piezo-
electric element 2 excluding the pull-out side of the flexible
printed board 1. That is, when seen in plan view, the piezo-
electric element 2 positioned at the lower layer is exposed
from the flexible printed board 1 in three sides other than the
pull-out side of the flexible printed board 1. Thus, after the
flexible printed board 1 and the piezoelectric element 2 are
joined, the force acting so as to strip each connecting portion
is less likely to be directly applied thereon by the solder bump
25,25, .. ..

FIG. 5 is an enlarged plan view showing a configuration of
the flexible printed board 1, wherein the lower right portion of
the flexible printed board 1 shown in FIG. 3 is shown in an
enlarged state. In FIG. 5, two types of driving printed wires
21a,21a, . ..which are on the inner side of the ground printed
wire 215 and which are differently led are shown in addition
to the ground printed wire 215 arranged on the peripheral
edge portion of the insulating film 20.

Respective terminal lands 24, 24, . . . form a terminal land
column of 10 columns parallel to each other in accordance
with the arrangement state of the individual terminal on the
piezoelectric element 2, as described above. Each column is
arranged parallel to the longitudinal direction (direction of
the short side of the insulating film 20) of the substantially
rectangular drive IC 4. First, of the plurality of driving printed
wires 21a, 21a, . . ., the driving printed wires 21a, 21aq, . . .
connecting to the terminal lands 24, 24, . . . on the first to the
eighth columns from the side of the drive IC 4 are passed
between the terminal lands 24, 24, . . . adjacent to each other,
and connected to the respectively corresponding terminal
land 24, 24, . . . from the drive IC 4. These driving printed
wires 21a, 21a, . . . correspond to the printed wires connecting
to the terminal lands 24, 24, . . . on the third and subsequent
columns from the bottom in FIG. 5. As apparent from FIG. 5,
all of the driving printed wires 21a, 21a . . . meander in a fine
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manner, but traverse the more upper terminal land columns
substantially perpendicularly. In the present embodiment, the
driving printed wires 21a, 21aq, . . . are pulled out to the side on
which the drive IC 4 is arranged, traversing the arrangement
region of the terminal lands 24, 24, . . . on the third or
subsequent columns from the bottom in FIG. 5.

The driving printed wires 21a, 21aq, . . . connecting to the
terminal lands 24, 24, . . . of the ninth and the tenth columns
(first column and second column from the bottom in FIG. 5)
from the side of the drive IC 4 pass through a space between
the outer side of the columns of the terminal lands 24,
24, ... and the ground printed wire 215, and extend to the end
ofthe column of the terminal lands 24, 24, . . . on the ninth and
the tenth column in the longitudinal direction of the flexible
printed board 1. Further, they pass between the eighth and the
ninth columns as well as between the ninth and the tenth
columns and connect to the respectively corresponding ter-
minal lands 24,24, . . . of the ninth and the tenth columns. That
is, the driving printed wires 21a, 214, . . . extend substantially
linearly from the IC connecting part 23 along the outer side of
the arrangement region of the terminal lands 24, 24, . . . on the
third to subsequent columns from the bottom in FIG. 5. Fur-
ther, the driving printed wires 21a, 21a, . . . are bent when
reaching the vicinity of the opening between the columns of
the corresponding terminal lands, and extended in the direc-
tion of the short side of the insulating film 20 in the gap
between the columns.

As shown in FIG. 3, the flexible printed board 1 has a
substantially symmetrical form with the center in the longi-
tudinal direction of the insulating film 20 as the border, and
the opposite side in the column direction of the column of the
terminal lands 24, 24, . . . also has a similar printed wire
configuration. In the present embodiment, about 14 printed
wires can be passed between the columns of the terminal
lands 24, 24, . . . . The driving printed wires 21a, 21a, . . . are
arranged from both sides of the column for one gap between
the columns, so that the number of printed wires passing
between the columns is doubled. Herein, one column of the
terminal lands are configured by 28 (=14x2) terminal lands
24,24, ... That is, by passing 28 driving printed wires 21a,
21a, . .. each on both outer sides of the column ofthe terminal
lands 24,24, . . ., the driving printed wires 21a, 21a, . . . from
the drive IC 4 can be connected to terminal lands 24, 24, . . .
on the ninth and the tenth columns each arranged with 28
terminal lands 24, 24, . . . adjacent to each other.

As described above, by combining the driving printed
wires 21a, 21a, . . . passing between the terminal lands 24,
24, . .. and the driving printed wires 21a, 21aq, . . . passing on
the outer side of the terminal land column, a plurality of
driving printed wires 21a, 21aq, . . . can be arranged at high
degree of freedom without interfering with each other. Thus,
higher resolution and higher density of the ink jet head can be
achieved with a compact form without trouble.

FIG. 6 is an enlarged plan view of FIG. 5, where the vicinity
of one terminal land 24 in the column of the terminal lands 24,
24, . . . inthe sixth column from the side on which the drive IC
4 is arranged is enlarged as one example. The driving printed
wire 21a, 21a, . . . connecting to the terminal land 24, 24, . . .
has a portion ranging from the portion connecting to the
terminal land 24, 24, to the portion at which a plurality of
driving printed wires 21a, 21a, . . . are arranged adjacent to
each other, made wider than the other portions. The driving
printed wires 21a, 21a, . . . lead so as to intersect a few
columns are respectively connected to the terminal lands 24,
24, . .. in the first to the eighth columns counting from the
drive IC 4. The driving printed wires 21a, 21a, . . . circumvent
to avoid all the terminal lands other than the corresponding

20

25

30

35

40

45

50

55

60

65

10

terminal land 24. Thus, a space wider than the other space is
formed at a space on the drive IC 4 side for all of the terminal
lands 24, 24, . . . . The width of the driving printed wire 21a,
21a, . . . is thereby made wider than the other portion in such
empty space. For the terminal lands 24, 24, . . . on the first to
the eighth columns, the number of driving printed wires 21a,
21a, . . . passing between the terminal lands 24, 24, . . . is
lessened as the distance from the drive IC 4 becomes larger.
The empty space at the periphery of the terminal lands 24,
24, . . . therefore becomes wider by such amount, and the
length is made longer with the width maintained wide for the
driving printed wires 214, 21a, . . . connecting to the terminal
lands 24, 24, . . . distant from the drive IC 4.

Since the driving printed wire 21a, 21a . . . is a microscopic
printed wire and has the risk of breaking, the printed wire
width is made wide at where the empty space is large in the
vicinity of the terminal lands 24, 24, . . . , so that breakage is
less likely to occur.

FIG. 7 is an enlarged cross sectional view showing a con-
figuration of a connecting portion of the flexible printed board
1 and the piezoelectric element 2, where one of the plurality
of'terminal lands 24, 24, . . . of the flexible printed board 1 is
shown in an enlarged state.

A through hole 20a is perforated in the insulating film 20 in
correspondence to the arrangement position of the terminal
land 24 of the flexible printed board 1. The solder 254 (elec-
trically conductive brazing filler metal) is attached to one
portion of the terminal land 24 exposed from the through hole
20a to form the solder bump 25 (refer to FIG. 4). The solder
bump 25 of the flexible printed board 1 and the individual
terminal 2a of the piezoelectric element 2 are faced to each
other, and the flexible printed board 1 is heated, thereby
melting the solder bump 25, so that the terminal land 24 and
the individual terminal 2a are connected by way of the solder
25a. Here, since the insulating film 20 that rejects the melted
solder is interposed between the adjacent solder bumps 25,
the solders 254 which are melted and have higher fluidity do
not connect with each other.

In the ink jet head of the above configuration, the terminal
lands 24, 24, . . . on the eight column are the limit for con-
necting to the drive IC 4 since only seven printed wires can be
passed between the terminal lands 24, 24, . . . if the driving
printed wires 21a, 21qa, . . . are passed only between the
terminal lands 24, 24, . . . . However, the driving printed wires
21a, 21a, . . . from the drive IC 4 can be connected to the
terminal lands 24, 24, . . . on the ninth and the tenth columns
by passing the driving printed wire 21a, 214, . . . on the outer
side of the column of the terminal lands 24, 24, . . . . The
number of terminals 24, 24, . . . can be increased to the
eleventh column, the twelfth column, and more with a similar
configuration. Further, the number of ink discharge ports of
the ink jet head may be increased in correspondence to the
terminal lands 24, 24, . . . , thereby allowing a higher quality
printing to be performed.

In the present embodiment, a configuration in which the
flexible printed board 1 is arranged with ten columns, each
column being arranged with 28 terminal lands 24, 24, . . .
adjacent to each other is shown, but is not limited thereto, and
may be a configuration of including terminal lands of greater
than or equal to 28, or less than or equal to 28. Further, a
configuration in which the terminal lands 24, 24, . . . are
arranged in a zigzag manner is shown, but is not limited
thereto, and may be arranged in a lattice form. Further, a
configuration in which the distance between the columns of
the terminal lands 24, 24, . . . is all the same distance is shown,
but is not limited thereto.
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A configuration in which the driving printed wires 21a,
21a, . . . are passed on both outer sides of the column of the

terminal lands 24, 24, . . . is shown, but is not limited thereto,
and may be a configuration in which the printed wires are
passed on only one side. The configuration may be such that
the driving printed wires 214, 21a, . . . passed on the outer side
of the column of the terminal lands 24, 24, . . . are passed
between the column of the terminal lands 24, 24, . . . of the
tenth column and the ground printed wire 215, and connected
to terminal lands 24, 24, . . . of the tenth column respectively.

In the embodiment explained above, the through hole 20a
is formed at a portion facing the terminal land 24 with respect
to the insulating film 20 serving as a base material of each
printed wire, and one part of the terminal land 24 is exposed
on the surface opposite the surface arranged with the printed
wire, but is not limited thereto. In terms of preventing short
circuit between the terminal lands 24 (solder bumps 25), the
previously explained insulating film 22 may include a
through hole corresponding to the through hole 20a of the
insulating film 20. That is, the through hole may be formed at
a position facing each terminal land 24 in addition to the IC
connecting part 23 when covering one surface (surface
arranged with printed wire) of the insulating film 20 with the
insulating film 22. Thus, the through hole 20a does not need
to be formed in the insulating film 20 as a separate step, which
contributes to reduction of cost of the flexible printed board 1.
The thermal curing resin or photo curing resin such as ure-
thane, epoxy, polyimide and the like may be used for the
insulating film 22. The photo curing resin is suitably used in
terms of precision of the shape. In this case, the heat sink 8 is
arranged so as to contact the drive IC 4 by way of the flexible
printed board 1.

In the present embodiment, when increasing the number of
terminal lands, the terminal lands are arranged on the side
distant from the drive IC, and the printed wires from the drive
IC are passed through the end side of the columns of the
terminal lands and connected to the terminal lands on the side
distant from the drive IC. The printed wire to the terminal land
on the side close to the drive IC is the same as in the prior art.
Thus, when leading each printed wire, the interference
between the printed wires having different leading direction
with respect to each other is avoided.

In the present embodiment, a plurality of terminal lands are
arranged in a zigzag manner. The distance between the adja-
cent terminal lands is thus made larger considering the per-
centage of the area occupied by each terminal land.

In the present embodiment, the width of the printed wire
connecting to the terminal land is made thick near the termi-
nal land and made thin at the portion distant from the terminal
land. Thus, with regards to the printed wire led between the
terminal land and the drive IC, the mechanical strength at
least near the terminal land is enhanced.

Inthe present embodiment, the printed wires from the outer
side of the column of the terminal lands are passed between
the columns of the terminal lands and connected to terminal
lands respectively. However, if the total number of printed
wires on both outer sides is an even number, the same number
of'printed wires is arranged on both outer sides, and if the total
number of printed wires is an odd number, the difference in
the number of printed wires arranged on each outer side is
one. Thus, the number of printed wires that can be led
between the common columns is substantially doubled.

In the present embodiment, the through hole is formed in
the insulating body in correspondence to the arrangement
position of the terminal land and the electrically conductive
brazing filler metal is arranged on the terminal land exposed
on the opposite surface of the insulating body by the through
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hole, the electrically conductive brazing filler metal allowing
the connection between the terminal of the piezoelectric ele-
ment and the terminal land of the printed board. The electri-
cally conductive brazing filler metals that may cause short
circuit with each other is spaced apart by the insulating body
at the opposite surface of the insulating body, and the printed
wire and the terminal land arranged on the other surface are
spaced apart by the insulating body.

According to the present embodiment, with a configuration
of connecting the printed wires passing the outer side of the
columns of the plurality of terminal lands to the terminal
lands arranged on the side distant from the drive IC in addition
to the configuration of passing the printed wires between the
terminal lands when the printed wires from the drive IC to the
terminal lands are arranged so as to intersect the column
direction of the terminal land column, the printed wires hav-
ing a different printed wire arrangement can be led without
interfering with each other, and can be arranged compactly
and without any trouble within the limited region of the
printed board.

According to the present embodiment, high quality print-
ing can be performed since the terminal lands are arranged at
high density by arranging the plurality of terminal lands in a
7igzag manner.

According to the present embodiment, the width of the
printed wire connecting to the terminal land is made thick
near the terminal land and made thin at the portion distant
from the terminal land, so that the empty space in the vicinity
of the terminal land is effectively used, and the strength of
printed wire is enhanced. Thus, the rate of occurrence of
defects by breakage is reduced, and yield is enhanced.

According to the present embodiment, a greater number of
printed wires can be arranged by arranging a plurality of
printed wires on each outer side of the columns of the plural-
ity of terminal lands. Thus, a greater number of terminal
lands, that is, a greater number of ink jet discharge ports can
be arranged, thereby allowing a higher quality printing to be
performed. Also, the same number of printed wires are
arranged on both outer sides if the total number of printed
wires on both outer sides is an even number, and the differ-
ence in the number of printed wires arranged on each outer
side is one if the total number of printed wires is an odd
number, thereby greatest number of printed wires can be led
between the columns of the terminal land column. That is,
when connecting the printed wires from both outer sides to
the terminal lands on the column distant from the drive IC, the
printed wires can be efficiently led from both outer sides to
each terminal land, and thus enlargement of the printed board
is suppressed, and increase in cost of the printed board can be
suppressed.

According to the present embodiment, a through hole is
formed in the insulating body in correspondence to the
arrangement position of the terminal land, the terminal land is
exposed on the opposite surface of the insulating body, and
the electrically conductive material is arranged on the
exposed terminal land to connect with the terminal of the
piezoelectric element, so that the electrically conductive
brazing filler metals arranged at the adjacent terminal lands
do not contact and cause short circuit even if the terminal
lands are arranged at high density. Further, short circuit does
not occur with the adjacent printed wires. Thus, defects are
less likely to occur at the step of connecting the printed board
and the piezoelectric element, and the yield is enhanced.

As this description may be embodied in several forms
without departing from the spirit of essential characteristics
thereof, this embodiment is therefore illustrative and not
restrictive, since the scope is defined by the appended claims
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rather than by the description preceding them, and all changes
that fall within metes and bounds of the claims, or equiva-
lence of such metes and bounds thereof are therefore intended
to be embraced by the claims.

The invention claimed is:
1. A printed board comprising:
an insulating film;
aplurality of terminal lands forming a plurality of columns
and arranged adjacent to each other at one end portion of
one surface of the insulating film;
a plurality of printed wires arranged on one surface of the
insulating film, wherein each of the plurality of printed
wires is connected to at least one of the plurality of
terminal lands, wherein the plurality of printed wires
comprises:
afirst plurality of printed wires arranged extending to the
corresponding terminal lands in a direction intersect-
ing an extending direction of the terminal land col-
umns formed by the plurality of terminal lands and the
first plurality of printed wires pass between the plu-
rality of terminal lands; and

a second plurality of printed wires arranged extending in
a direction intersecting the extending direction on an
outer side of the plurality of terminal land columns;
and

a ground printed wire arranged on the one surface of the
insulating film, wherein the ground printed wire is posi-
tioned on the outer side of the plurality of printed wires
at three peripheral sides of the end portion of the insu-
lating film and the ground printed wire connects with at
least one solder bump through at least one through hole
formed in the insulating film at each of the three periph-
eral sides of the ground printed wire,

wherein the first plurality of printed wires at least are
connected to each of the terminal lands arranged in a first
plurality of columns of the plurality of terminal lands
and the second plurality of printed wires at least are
connected to each of the terminal lands arranged in at
least one second column of the plurality of terminal
lands, wherein the first plurality of columns are posi-
tioned farther from an edge of the insulating film at the
one end portion side than the at least one second column
is positioned from the edge of the insulating film at the
one end portion side.

2. The printed board according to claim 1, wherein the

plurality of terminal lands are arranged in a zigzag manner.

3. The printed board according to claim 1, wherein a line
width of the printed wire is formed to be narrower as the
distance from the corresponding terminal land becomes
larger.

4. The printed board according to claim 1, wherein the
plurality of printed wires are arranged extending on both
outer sides in the extending direction of the plurality of ter-
minal land columns; and the difference between the number
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of printed wires arranged on one side and the number of
printed wires arranged on the other side is less than or equal
to 1.

5. The printed board according to claim 1, further compris-
ing:

a plurality of through holes, each perforated at an arrange-
ment position of the terminal land of the insulating film,
for exposing one part of the terminal land on the other
surface of the insulating film; and

an electrically conductive brazing filler metal attached to
the terminal land by way of the through hole.

6. The printed board according to claim 1, wherein a width
of the ground printed wire is greater than a width of the
plurality of printed wires.

7. The printed board according to claim 1, wherein the
second plurality of printed wires are connected to each of the
terminal lands arranged in at least one third column of the
plurality of terminal lands, wherein the first plurality of col-
umns are positioned farther from an edge of the insulating
film at the one end portion side than each of the at least one
second column and the at least one third column are posi-
tioned from the edge of the insulating film at the one end
portion side.

8. An ink jet head comprising:

a flow channel unit including a plurality of discharge ports
for discharging ink and a plurality of pressure chambers
each communicated to the plurality of discharge ports,
the plurality of pressure chambers being arranged in a
plurality of pressure chamber columns on one surface;

an actuator unit, that includes a plurality of connecting
terminals arranged at positions corresponding to the
pressure chambers and that is fixed to one surface of the
flow channel unit, for changing the volume in the pres-
sure chambers;

a driving element for outputting a driving voltage to supply
to the connecting terminals of the actuator unit; and

a printed board interposed between the actuator unit and
the driving element, and including a plurality of printed
wires for supplying the driving voltage to the connecting
terminals,

wherein

the printed board is a printed board according to claim 1,
the connecting terminals corresponding to the terminal
lands are respectively connected to the terminal lands;

the driving element is connected to the plurality of printed
wires on the side opposite the side on which the actuator
unit is connected with respect to a direction intersecting
the extending direction of the terminal land columns;
and

the dimension of the printed board in the extending direc-
tion of the terminal land columns is smaller than the
dimension of the actuator unit connected to the printed
board.



